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[57] ABSTRACT 

Polypeptides comprising repetitive units of amino acids, as 
Well as synthetic genes encoding the subject polypeptides 
are provided. The subject polypeptides are characterized by 
comprising repetitive units of amino acids, Where the repeti 
tive units are present in naturally occurring proteins, par 
ticularly naturally occurring structural proteins. The subject 
polypeptides ?nd use in a variety of applications, such as 
structural components of prosthetic devices, synthetic ?bers, 
and the like. 

19 Claims, 10 Drawing Sheets 
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PEPTIDES COMPRISING REPETITIVE 
UNITS OF AMINO ACIDS AND DNA 
SEQUENCES ENCODING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 08/175,155, ?led Dec. 29, 1993 now US. Pat. No. 
5,641,648, Which application is a continuation-in-part of 
application Ser. No. 08/053,049, ?led Apr. 22, 1993, noW 
abandoned, Which application is continuation of application 
Ser. No. 07/114,618, ?led Oct. 29, 1987, now US. Pat. No. 
5,243,038 issued Sep. 7, 1993, Which application is a 
continuation-in-part of application Ser. No. 927,258, ?led 
Nov. 4, 1986, noW abandoned. 

The government has certain rights in this invention as a 
result of support provided by the Department of the Navy for 
the Work leading to the present invention. 

INTRODUCTION 

Technical Field 

The ?eld is high-molecular-Weight polymers, either 
nucleic acids or the protein expression products of the 
nucleic acids. 

Background 
Proteins are a broad and diverse class of molecules Which 

“play crucial roles in virtually all biological processes.” 
Stryer, Biochemistry (1988) p. 15. Proteins play active roles 
in: enZyme catalysis; transport and storage of ions and small 
molecules; coordinated motion; mechanical support; 
immune protection; signal transduction; and modulation of 
groWth and differentiation. As the science of protein char 
acteriZation has progressed, a large number of proteins have 
been sequenced. Of this large number of sequenced proteins, 
there is a ?nite subset in Which the amino acids that make up 
the protein are arranged in repetitive units, Where the repeti 
tive units provide a motif to the amino acid sequence of the 
protein. Many of the structural proteins fall Within this 
subset. In the series of tandem units, the naturally occurring 
proteins have a signi?cant number of substitutions to vary 
the pattern, While still substantially retaining the pattern of 
repeat units. 

Because of the crucial role proteins play in a variety of 
biological processes, there has been considerable interest in 
the development of technologies Which may be employed to 
produce naturally occurring proteins in a controlled fashion, 
often in purer form and/or in larger quantities than the 
protein is produced in nature. Also, there is an interest in 
producing proteins Which build upon the structural proper 
ties of the naturally occurring proteins, While providing for 
enhanced or novel properties. 

Recombinant DNA technology has been applied in the 
isolation of natural genes and the expression of these genes 
in a variety of host cells. Typically, this technology has had 
utility in producing biologically active polypeptides, such as 
cytokines or peptide hormones, Which Were impractical to 
produce in useful amounts by other means. It Was also 
possible to produce modi?ed proteins by isolating natural 
genes and utiliZing the techniques of site speci?c, in vitro 
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2 
mutagenesis to alter these genes and thereby change the 
polypeptides produced. Other polypeptides have been cre 
ated by combining sections of various native genes to 
produce neW polypeptides that are chimeric molecules of the 
several naturally occurring molecules. 

For the most part, the peptides Which have been produced 
by recombinant techniques have not involved long regions 
of repeating units involving the same nucleic acid 
sequences. Where there are extended repetitive sequences in 
a gene, there is the opportunity to loop out portions of the 
gene, to form secondary and tertiary structures, to create 
frame shifts, and to have substantial intracellular instability 
of the gene. There Was, therefore, some uncertainty as to the 
ability to produce proteins dependent upon the synthesis and 
expression of extended repetitive regions. 

There are many applications Where structural proteins 
may ?nd use and the naturally occurring proteins are not 
adequate for the required purpose. Also, With many proteins 
there are the issues of source, purity, availability, and 
economics. The opportunity to produce proteins Which, 
While based on naturally occurring motifs, provide for 
modi?cations of the naturally occurring protein in providing 
for greater identity of the repetitive units, introduction of 
unnatural intervening sequences, combinations of motifs, 
and the like, is of great interest. This opportunity alloWs for 
the production of proteins With unique properties in a 
background of the properties afforded the naturally occur 
ring protein by the repetitive motif. 

Brief Description of the Revelant Literature 

The cloning of multiple lactose operators up to four in 
tandem is disclosed by Sadler et al., Gene, (1980) 
8:279—300. Hybrid bacterial plasmids containing highly 
repeated satellite DNA is disclosed by Brutlag et al., Cell, 
(1977) 10:509—519. The synthesis of a poly(aspartyl 
phenylalanine) in bacteria is disclosed by Doel et al., 
NucleicAcia's Research, (1980) 8:4575—4592. Amethod for 
enriching for proline content by cloning a plasmid Which 
codes for the production of a proline polymer Was disclosed 
by Kangas et al., Applied and Environmental Microbiology, 
(1982) 43:629—635. The biological limitations on the length 
of highly repetitive DNA sequences that may be stably 
maintained Within plasmid replicons is discussed by Gupta 
et al. in Bio/Technology, p. 602—609, September 1983. 

Other references of interest include Davanloo, P. et al., 
Proc. Natl. Acad. Sci. USA (1984) 81: 2035—2039. 

SUMMARY OF THE INVENTION 

Novel recombinant proteins comprising one or more 

small repetitive units are provided, Where the repetitive units 
are based on naturally occurring repetitive units. The pro 
teins provide for a variety of physical properties, differing in 
their properties from the natural proteins in their identitical 
repeat units, variations in novel combinations, and introduc 
tion of intervening sequences imparting novel properties to 
the proteins. By employing motifs associated With naturally 
occurring proteins, the subject proteins enjoy properties of 
the naturally occurring protein, as Well as unique properties 
associated With the differences in composition betWeen the 
naturally occurring protein and the subject recombinant 
proteins. 
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BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1: Plasmid pSY701 structure (SEQ ID NOS:51 and 

109). 
FIG. 2A—B: Immunoblots of polypeptide products using 

antibody to (a) beta-lactamase or to (b) gly-ala-peptide. 
FIG. 3: Construction ?owchart for plasmid pG10/SlpI. 
FIG. 4A—B: Immunoblots of polypeptide products (a) 

T7gp10/SlpI With anti-Slp Ab, (b) T7gp9/SlpI With anti-Slp 
Ab or (c) staining With Coomassie blue. 

FIG. 5: Construction ?oWchart for plasmid pSY856. 
FIG. 6: Time course for accumulation of the kanamycin 

resistance gene product With the T7 system. 

FIG. 7: Construction ?oWchart for plasmid pSY857 (SEQ 
ID NOs:110—112). 

FIG. 8: Construction ?oWchart for plasmid pSY980. 
FIG. 9A—B: (A) Amido black stain or gel containing the 

product of beta-galactosidase/SlpIII gene fusion; (b) immu 
noblot of same product With anti-Slp antibody. 

FIG. 10: Construction ?oWchart for plasmid pSY1280. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Novel recombinant proteins are provided having naturally 
occurring repeating units: a single small naturally occurring 
repeating unit, a combination of small naturally occurring 
repeating units, as block or random copolymers, or With 
intervening sequences betWeen blocks of the repeating units. 
The novel polypeptides ?nd use as ?brous or structural 

proteins, including crystalline, elastomeric, tough and bony 
materials, eg proteins similar to, but different from, silk, 
elastin, collagen, keratin or other naturally occurring struc 
tural polymers having a repetitive amino acid sequence 
motif. The gene encoding the repeating-unit-containing pep 
tides is produced to particularly avoid problems previously 
associated With genes containing multiple repeating units. 

Based on a search of reported sequences of naturally 
occurring proteins, there is a limited number of naturally 
occurring motifs that ?nd usage. These motifs can be based 
on a single amino acid Which is repeated at a predetermined 
spacing and the repeating unit has an additional restriction, 
e.g. collagen, Where glycine is repeated every third amino 
acid and there is a high proportion of proline for the 
remaining tWo amino acids; or a single motif, Which is used, 
but is not perfectly repeated in the protein, e.g. ?broin and 
elastin; or a motif, Where the units vary as to a single amino 

acid, eg keratin. 
In these naturally occurring proteins, there Will be at least 

about 8, more usually at least about 10 tandem repeats, 
frequently 20 or more tandem repeats, before there is an 
intervening seqence, Where at least about 50 number % of 
the amino acids of the naturally occurring protein are 
members of the repeat units. For the most part, the repeating 
unit containing proteins are structural proteins and/or adhe 
sive proteins, being present in prokaryotes and eukaryotes, 
including vertebrates and non-vertebrates. 
Amino acids Which are popularly used, frequently being 

repeated tWice in the same repeating unit, include G, P, A, S, 
T and V. The common amino acid may be contiguous or 

spaced apart. Common diad themes include GA, VP, PP, TT, 
GG, PE, and PM. For the most part the repetitive unit Will 
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4 
be of from 3 to 20, generally from 3 to 15, frequently 3 to 
12, usually 3 to 9, and more usually 3 to 6 amino acids. For 
the most part, the repetitive units Will have feW aromatic 
amino acids, usually not more than tWo, more usually not 
more than one, a common aromatic amino acid being Y. 

The polypeptide Will for the most part have the folloWing 
formula: 

K'AW'M/X'XN'SY'yL-L'l 
Wherein: 
W‘ Will have the folloWing formula 

D is the amino acid sequence encoded for by A(see beloW 
for the nucleic acid sequence) and therefore has the 
numerical limitations based on 3 nucleotides de?ning a 
codon that codes for one amino acid; 

E is the amino acid sequence encoded for by B, and 
therefore has the numerical limitations based on 3 
nucleotides de?ning a codon, Where each E may be the 
same or different, depending upon the coding of B; 

and, Wherein, likeWise K‘, W‘, M‘, X‘, N‘, Y‘ and L‘ is the 
amino acid sequence encoded for by K, W, M, X, N, Y 
and L respectively. HoWever, in the case of K‘ and L‘, 
subsequent processing, such as protease treatment, 
cyanogen bromide treatment, etc., may result in partial 
or complete removal of the N- or C-terminal non 
multimeric chains. 

n, p, q, k, r, s, X, i and l have the same de?nitions as 
indicated in the formula for the nucleic acids encoding 
the proteins of the subject invention. 

Particular polymeric compositions having amino acid 
repeating units having the same composition (D) Will have 
the folloWing formula, Where X and y are 0, 

K3103)” (ELJLL'I 
Where all of the symbols have been de?ned previously; and 
the DNA sequence Will have the formula 

Kk[(A)”(B),,]qLl 
Where all of the symbols are de?ned beloW. 

The proteins may be homopolymers in the sense of having 
a single repetitive unit, random copolymers as having tWo or 
more repetitive units Which do not form an identical repeat 
ing pattern, or block copolymers Where at least one of the 
repeating units forms a block of at least 2 repetitive units, 
more usually at least 3 repetitive units, frequently 4 or more, 
generally not more than about 50 repetitive units, frequently 
not more than about 30 repetitive units. 

For the most part, the repetitive units of interest Will be 
those units Which, When incorporated into the subject 
polypeptides, impart physical characteristics to the polypep 
tide that are found in the naturally occurring protein from 
Which the repetitive unit is derived. Characteristics imparted 
to the polypeptides by the repetitive units Will generally be 
structural, e.g. repetitive units Which provide for ot-helices, 
[3-pleated sheets, or other structural characteristic of interest. 
The proteins may have the capability of forming or partici 
pating in the formation of formed objects, such as ?lms, 
?bers, gels, membranes, or the like, or may be amorphous, 
such as in adhesives, coatings, viscous ?uids, emulsions and 
the like. 
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The compositions of the invention Will usually have a 
molecular Weight of at least about 30 kDal, more usually at 
least about 50 kDal, frequently at least about 60 kDal and 
usually not exceeding about 250 kDal, more usually not 
exceeding 150 kDal, frequently not exceeding 125 kDal, 
preferably being in the range of about 50 to 125 kDal. 
Generally the repetitive units Will include a minimum of 50 
number %, usually at least about 65 number %, more usually 
at least about 75 number %, frequently at least about 80 
number % of the total number of amino acids in the protein. 
The proteins may have non-repetitive termini, generally 
each terminus not exceeding about 125 amino acids, fre 
quently not exceeding about 75 amino acids, preferably not 
exceeding about 65 amino acids. These non-repetitive 
sequences may be present to fu?ll speci?c functions, as a 
convenience in the synthesis and expression of the gene and 
the protein, to permit secretion, to permit ease of 
identi?cation, puri?cation, processing and the like. 

Generally, a different N-terminus Will be the result of 
insertion of the gene into a vector in a manner that results in 

expression of a fusion protein. Any protein Which does not 
interfere With the desired properties of the product may 
provide the N-terminus. Particularly, endogenous host 
proteins, e.g. bacterial proteins, may be employed. The 
choice of protein may depend on the nature of the transcrip 
tional initiation region. 

Of particular interest Will be polypeptides Which comprise 
repetitive units found in naturally occurring structural pro 
teins. Naturally occurring structural proteins, as opposed to 
receptors, groWth factors, etc., are those proteins Which are 
capable of forming extended three-dimensional structures 
by themselves or With other structural proteins, either intra 
or extracellularly, and are generally, though not necessarily, 
?lamentous or ?brous. KnoWn structural proteins that com 
prise repetitive amino acid units of from 3—20 amino acids 
include: Glue polypeptide sgs3 (PTTTK), reported in 
J.M.O.B.A. (1983) 168:765—790 (SEQ ID NO:01); Glue 
Protein (AKPSYPPTYK) reported in A.B.B.I.A. (1989) 
269:415—422 (SEQ ID NO:02); Hydroxyproline Rich 
Glycoproteins, such as (PPVYK) reported in P.N.A.S. 
(1988) 85:1082—1085 (SEQ ID NO:03), (xPPP) reported in 
P.L.C.E.E. (1989)1:901—912 (SEQ ID NO:106) and 
(PPVYK) reported in P.L.P.H.A. (1992) 98:919—926 (SEQ 
ID NO:03); Mucin (TTTPDV) reported in J.B.C.H.A. 
(1991) 266:22733—22738 (SEQ ID NO:04); Oothecins 
(GGLGY) reported in B.B.A.C.A. (1984) 422—428 (SEQ ID 
NO:05); p39 (APAAP) reported in V.I.R.L.A. (1989) 
168:354—362 (SEQ ID NO:06); Proline rich proteins, such 
as (PEPK) and (PMPK) reported in P.M.B.I.D. (1991) 
16:663—670 (SEQ ID NOS: 07 & 8), (SPPPP) reported in 
P.M.B.I.D. (1988) 11:483—494 (SEQ ID NO:9), (PEPMPK) 
reported in P.M.B.I.D. (1991) 16:663—670 (SEQ ID NO: 10) 
and (PPVYKPPVQK) reported in P.L.C.E.E. (1989) 
1:945—952 (SEQ ID NO: 11); SbPRP1 (PPVYK) reported in 
P.L.C.E.E. (1989) 1:937—944 (SEQ ID NO:03); SbRPR2 
(PPVK) & (PPVEK) (SEQ ID NOS: 12 & 13) and SbRPR2 
and 3 (PPVYK) (SEQ ID NO:03) reported in J.B.C.H.A. 
(1990) 265 :2470—2475; SPAG-1 (PGVGV) and (VGVAPG) 
reported in M.B.I.P.D. (1992) 53:105—112 (SEQ ID NOS: 14 
& 15); Extensins, such as (SPPPPSPKYVYK) (SEQ ID NO: 
16), (SPPPPYYYKSPPPPSP) (SEQ ID NO:17), 
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6 
(SPPPPPTPSYGHPKTP) (SEQ ID NO:18), and 
(SSPPPPSPSPPPPTYYY)(SEQ ID NO:19) all reported in 
P.M.B.I.D. (1992) 20:5—17; and NF-M 
(KSPVPKSPVEEKG) (SEQ ID NO:20) reported in 
E.M.J.O.D. (1987) 6:1617—1626. 
Of particular interest are polypeptides Which have as a 

repeating unit SGAGAG (SEQ ID NO:21) and GAGAGS 
(SEQ ID NO:41) (G=glycine; A=alanine; S=serine). This 
repeating unit is found in a naturally occurring silk ?broin 
protein, Which can be represented as GAGAG(SGAG 
AG)8SGAAGY(Y=tyrosine) (SEQ ID NO:22). 
A silk-like-protein (Slp) gene may be produced by pro 

viding oligomers or multemers of from about 5 to 25 repeat 
units as described above, more usually of about 6 to 15 
repeat units. By having different cohesive ends, the oligo 
mers may be concatemeriZed to provide for the polymer 
having 2 or more of the oligomeric units, usually not more 
than about 50 oligomeric units, more usually not more than 
about 30 oligomeric units, and frequently not more than 
about 25 oligomeric units. 
The silk-like proteins may be varied by having alternate 

multimers With the same or different handedness. For 

example, in the formula, (B)p may provide an even or odd 
number of amino acids. In silk, the hydrogens of the glycine 
may align on one side and the methyls and hydroxyls of 
alanine and serine on the other. If (B)p is even, there Will be 
continuous alignment, if odd, there Will be alternating align 
ment of Thus, different properties can be achieved by 
changing the number of amino acids encoded by (B)p. 
Of particular interest are polypeptides Which mimic the 

composition and physical properties of silks found in nature, 
e.g. Bombyx mori. 

Also of interest are polypeptides Which have as a base 

repeating unit GVGVP(G=glycine, V=valine, P=proline) 
(SEQ ID NO:23), Which may be found in naturally occurring 
elastin; also VPGVG (SEQ ID NO:24) and/or APGVGV 
(SEQ ID NO:25) units. 
Of particular interest is a block of about 2 to 32, prefer 

ably about 4 to 16, units separated by a sequence of about 
3 to 120, usually about 3 to 72 amino acids, preferably 10 to 
60 amino acids, Which may include an internal repeat of 
from 3 to 12 amino acids different from the other repeating 
unit. For example, the ?rst repeat sequence could be 
VPGVG (SEQ ID NO:24) second repeat sequence could be 
GAGAGS (SEQ ID NO:41), repeated tWice. The total 
number of repeating units in the protein Will generally be in 
the range of about 10 to 500, more usually 30 to 350. 
Of particular interest are proteins Which comprise the 

repeat unit of elastin and mimic the properties of elastin and 
provide for elastomeric properties, and copolymers Which 
impart the elastic properties of elastin in conjunction With 
the characteristics of other repeating units. 
Of particular interest are collagen like proteins Which 

have the sequence GotB, Where 0t and [3 may be any amino 
acid, particularly one being proline. Usually in the proteinot 
and [3 Will be selected so that the total percent proline in the 
protein is betWeen about 10 to 45 number % of the amino 
acids in the protein. The amino acids of particular interest 
other than glycine and proline are alanine, isoleucine, 
leucine, valine, serine, threonine, asparagine, glutamine, 
lysine, arginine, aspartic acid, glutamic acid, histidine. By 
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known procedures after production of the protein, one or 
more prolines may be oxidized to hydroxyproline. 

Also of interest are the polypeptides Which have as a 

repeating unit K-L-(1)-L-A-E-A (SEQ ID NO:105) Where 1 
is a basic or acidic amino acid, particularly K or E and the 
repeating units alternate as to Whether 1 is a basic or acidic 

amino acid. This structure is commonly found in keratin. 
The copolymer involving repeating units is a poWerful 

method for varying properties, by appropriate choice of the 
different units, the number of units in each block and the 
total number of repeat units of the blocks. Thus, by varying 
the number and arrangement of primary repeating units, a 
variety of different physical and chemical properties can be 
achieved. 

Exemplary of the use of the block copolymers are com 
binations of silk units and elastin units to provide products 
having properties distinctive from polymers only having the 
same monomeric unit. See, for example, PCT/US95/02772. 

Intervening groups may also be provided Where the 
intervening group Will be from about 1 to 50, usually from 
about 1 to 30, more usually from about 3 to 30 amino acids. 
The intervening group Will be other than a repetitive unit, 
normally having a chemically reactive functionality, e.g. C, 
S, T, D, E, K or R, a physiologically active functionality, a 
chelating functionality, a grouping Which modi?es the con 
formational structure of the protein, or the like. 

For the intervening oligomers or turns betWeen the 
strands, (Where by “strands” is intended an ordered sequence 
capable of alignment With a second strand or sequence 
having substantially the same or a complementary sequence, 
e.g. hydrophobic aligns With hydrophobic and hydrophilic 
aligns With hydrophilic) various sequences may be used, 
depending upon the desired purpose of the polymer. Thus, 
the intervening sequence may be unaligned, ?exible, 
accessible, functional or combinations thereof. Thus, the 
intervening sequence in association With the strand sequence 
can be designed to provide a Wide variety of products Which 
may be formed, fabricated, extruded, spun, Woven, coated, 
or the like. The intervening sequence may provide for a 
ligand, Which may serve to bind to antibodies, naturally 
occurring receptors, non-amino-acid molecules, or the like. 
In this Way, the polymeric structures may be used to spe 
ci?cally bind a Wide variety of molecules serving as af?nity 
columns, use in diagnosis, sensors, cell separation, device 
coatings having, for example, antithrombogenic properties, 
cell substrates, and the like. 

The intervening sequence may provide chemically active 
amino acids for chemical crosslink sites, Which may serve to 
covalently attach functional peptides, synthetic or natural 
polymers or proteins, non-amino acid molecules, and the 
like. The intervening sequence may be a naturally occurring 
sequence or a modi?ed naturally occurring sequence. Natu 
rally occurring sequences may be derived from a Wide 
variety of sources With a variety of functions. Such 
sequences may be a cellular groWth inhibitor sequence, e.g., 
from tenascin (Chiquet-Ehrismann et al., (1988) Cell 53: 
383—390); cell groWth promoting attachment factors e.g., 
from ?bronectin, -RGD-, -REDV(SEQ ID NO:26) 
(Humphries et al., (1988) J. Cell Biol. 103:2637—2647), 
vitronectin, -RGD- (SuZuki et al., (1985) EMBO J. 
4:2519—2524), collagen, -RGD-, and as described in W0 
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8 
89/03392, laminin B1-YIGSR (SEQ ID NO:27)-(Graf et al., 
(1987) Cell 48:989—996), bacterial adhesive, -SLF-, -ALF-; 
(Jacobs et al, (1987) J. Bacteriology 1691:735—741), groWth 
hormones and insulin; inclusion sequences (GAGC and 
GCCV (SEQ ID NOS: 28 & 29), Which provide systems for 
attachment and cross-linking; VSPD, VCDP and DPGK 
(SEQ ID NO:30—32), Which provide an unaligned structure); 
cellular function activators, such as major histocompatibility 
complex antigens, Class I and II, particularly the (x1, (x2, [31 
and [32 regions, e.g., HLA-A2 amino acids 50—80 and 
140—170 (Bjorkman et al., (1987) Nature 329:512—518) and 
HLA-D amino acids 1—90 (Todd et al., (1988) Science 
240:1003—1009); groWth factor domains, e.g., EGF, TGF 
and VGF, IL-1-10, particularly —2, —3 and —4, and erythro 
poietin; viral attachment sequences, such as human CD4 
amino acids 35—60 (Clayton et al., (1988) Nature 
335:363—366) and 70—95 (Lifson et al., (1988) Science 
241:712—716); sequences Which promote the binding of 
non-protein molecules, such as the heparin binding domain 
of vitronectin, metal binding domains, e.g., 
metallothioneins, H—H, H—C—C—H (SEQ ID NO:107) 
and C—H—H—C (SEQ ID NO:108), etc. glucose and other 
sugar binding domains, e.g., lectins, B chains of toxins, such 
as abrin, ricin, diphtheria toxin, safratoxin, or fragments 
thereof, etc.; drug or toxin binding domains for detoxi?ca 
tion; and chemically active amino acids or amino acid 
sequences for post-translational modi?cations, such as 
N-X-S for N-linked glycosylation and the amino acids, C, 
M, H, K, R, D, E, W, P, Y, N and Q for chemical modi? 
cation. 

Sequences of speci?c interest as intervening sequences 
include: 

D P G K G X Y 
Wherein at least one of X and Y is C; (SEQ ID NO:33) 

EPGYI GSR CDAGY(SEQ ID NOz34); 
PKGD RGDAGPK(SEQ ID NOz35); 
AVT G R G D S PAS (SEQ ID NOz36); 

GRGGSFGGSSYGGGS(SEQIDNO:37); 
GAG CGDPGKGC CVA(SEQ ID NOz38); 
VCDRGYIGSRCD(SEQIDNO:39); and 
PKGD RADAG PK(SEQ ID NO:40); 

Where conservative substitutions may be made other than at 
the functional site. 

For the cysteine product it Will be desirable to have tWo 
or three cysteines in a multimer unit, preferably having a 
cysteine proximal to each end of the multimer unit. For 
chemical cleavage the dipeptide DP or EP is desirable. 
The repeating unit(s) and/or the intervening sequences 

may desirably contain proteolytic enZyme cleavage 
sequences Which may facilitate processing, puri?cation or 
the physiological resorption rate of the polymer. such 
sequences are knoWn in the art and need not be exempli?ed 
here. 

Genes encoding the subject polypeptides produced 
according to the methods described herein Will generally be 
at least about 900 nt in length, usually at least 1200 nt in 
length, preferably at least 1500 nt in length, usually not more 
than about 7.5 knt in length, more usually not more than 
about 6 knt in length, frequently not more than about 4 knt 
in length. 
The genes of the subject invention generally comprise 

concatenated monomers of DNA encoding the same amino 
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acid sequence, Where only one repeating unit is present to 
form a homopolymer, Where all or a part of tWo or more 

different monomers encoding different amino acid repeating 
units may be joined together to form a neW monomer 
encoding a block or random copolymer. The individual 
amino acid repeating units Will have from 3 to 20 amino 
acids (9 to 60 nt), generally 3 to 15 amino acids (9 to 45 nt), 
usually 3 to 12 amino acids (9 to 36 nt), more usually 3 to 
9 amino acids (9 to 27 nt) amino acids, usually having the 
same amino acid appear at least tWice in the same unit, 
generally separated by at least one amino acid. In some 
instances, the minimum number of amino acids Will be 4. 
Within a monomer, dsDNA encoding the same amino acid 
repeating unit may involve tWo or more nucleotide 

sequences, relying on the codon redundancy to achieve the 
same amino acid sequence. 

The genes of the subject invention comprise regions 
comprising repeats of the repetitive units, usually a block of 
at least 2 units, and up to the entire region of repetitive units. 
Blocks of repetitive units may be interspersed With indi 
vidual or blocks of other repetitive units, or intervening 
sequences, as described previously. The repeating units may 
have the same sequence or there may be 2 or more different 

sequences employed to encode the repeating unit, using the 
codon redundancy for a particular amino acid to vary the 
sequence. Ease of preparation and greater gene stability 
appear to be obtained With the variation. 

For the most part the DNA compositions of this invention 
may be depicted by the folloWing formula: 

Wherein: 
K is a DNA sequence encoding an amino acid sequence 

of from about 1 to 125 amino acids, usually 1 to 65 amino 
acids, Which may be any sequence depending upon the 
manner of preparation of the construct and the purpose of the 
protein product, generally being feWer than about 20% of the 
total number of amino acids, more generally being feWer 
than about 10% of the total number of amino acids, Which 
may be any sequence, particularly a naturally occurring 
sequence Where the multimer structural gene has been fused 
to another DNA sequence in reading frame. K, if present, 
Will have the initiation methionine codon. L may be the same 
or different from K, coming Within the de?nition of K, but 
lacking the initiation methionine codon. 

k and l are the same or different and are 0 or 1; 

W has the formula: 

Wherein: 

Ais a DNA sequence coding each time that it appears for 
the same amino acid repeating unit normally having at 
least one amino acid appear at least tWice in the 
sequence, Where AWill generally be from about 9 to 60 
nucleotides (nt), more usually for about 9 or 12 to 45 
nt, preferably from about 9 or 12 to 36 nt, more 
preferably from about 9 or 12 to 27 nt; 

Where there Will usually be at least tWo different A’s, 
usually not more than about tWenty different A’s, more 
usually not more than about ten different A’s, Which 
code for the same amino acid sequence but differ from 
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each other by at least one nucleotide and may differ by 
as many as ten nucleotides, usually not differing by 
more than about ?ve nucleotides from another A 
sequence, each of the different A’s usually being 
repeated at least tWice; for example, at least tWo 
different codons can be employed for the same amino 
acid, e.g., GGC and GGA for glycine, in different A’s 
coding for the same amino acid sequence unit; 

n Will be an integer of at least 2, usually at least about 4, 
more usually at least about 8, and not more than about 
250, usually not more than about 200, frequently not 
more than about 125, and in some instances may not 
exceed about 50; 

B is a DNA sequence different from A coding for an 
amino acid sequence other than the amino acid 
sequence unit coded by the A unit and serves as a 
linking unit betWeen oligomers of A units. B Will 
generally have from about 3 to 150 nt, (1 to 50 amino 
acids) more usually from about 3 to 105 nt (1 to 35 
amino acids); 

Where the B units appearing in the gene may be the same 
or different, there usually not being more than about 10 
different B units, more usually not more than about 5 
different B units, Where functionally similar B units, 
particularly encoding the same oligopeptide, may differ 
from about 1 to 45 nt, more usually from about 1 to 15 
nt, Where the different B’s may code for the same or 
different amino acid sequence; 

p is 0 or 1 and may differ each time there is a successive 
A unit; 

q is an integer of at least 1 and Will vary With the number 
of nucleotides in A and B, as Well as the values of n and 
p. The variable q Will be selected so as to provide for 
at least 900 nt for the multimeric portion of the struc 
tural gene, preferably at least about 1250 nt, more 
preferably at least 1500 nt, and the number of nucle 
otides Will usually not exceed about 7500 nt, more 
usually not exceeding about 6 knt, generally being in 
the range of about 900 to 6,000 nt, more usually to 
about 4 knt; and 

M is a DNA nucleotide sequence of about 3 to 150 nt, 
usually being 9 to 150 nt, more usually not more than 
about 90 nt, Which may encode any amino acid 
sequence, usually encoding a functional sequence 
Which provides for a natural or synthetic sequence 
resulting in a biological or chemical function or activity 
(see WO 90/05177, the disclosure of Which is herein 
incorporated by reference); 

r and s are the same or different, being 0 to 3, usually 0 
to 2, depending on Whether an intervening group is 
present in the polymer, usually being 1 to 2, Where 
different, the same or similar functional groups may be 
combined in a contiguous manner; 

N is the same or different from M and comes Within the 
same de?nition as M; 

X may be the same as or different from W, usually 
different, and Will have the formula: 

Wherein: 

A1, B1, n1, p1 and q1 are the same as or different from A, 
B, n, p and q respectively, at least one being different, 
Wherein the analogous symbols come Within the same 
de?nition as their counterparts; 
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Y may be the same as or different from W, usually 
different, and Will have the formula: 

wherein: 

A2, B2, n2, p2 and q2 are the same as or different from A, 
B, n, p and q respectively, at least one being different, 
Wherein the analogous symbols come Within the same 
de?nitions as their counterparts. 

y is 0 or 1; 

i is 1 to 100, usually 1 to 50, more usually 1 to 30, 
particularly 1, When X, y, r and s are 0; 

When X or y are 1, q, q1 and q2 Will be a total of at least 
2, usually at least 5 and not more than about 50, usually 
not more than about 33. 

Particular DNA sequences encoding copolymeric compo 
sitions having a repeating unit of tWo to three multimeric 
blocks Will have the folloWing formula: 

Wherein: 

W“ is a multimer having the formula 

Where A3 is of 3 to 15, usually 3 to 9 codons, otherWise 
coming Within the de?nition of A; 

n3 Will be from about 2 to 40, usually 2 to 32; 

B3 is of from 1 to 50, usually 3 to 36 codons; 
p3 is 0 or 1; 
q3 is of from about 1 to 50, usually 2 to 40, depending on 

the value of n3, as discussed previously for n and q; 
X“ and Y“ are the same as or different from W“, usually 

different, coming Within the same de?nitions as W“; 
M“ and N“ come Within the de?nitions of M and N; 

i“ is at least 1, usually at least 5 and not more than about 
75, usually not more than about 50, generally not 
eXceeding 30; 

Where q3 or i“ is 1, the sum of q3 and i“ Will be at least 
3; 

With the other symbols as de?ned previously, Wherein at 
least one of X“ and y“ is 1. 

The nucleotide sequences Which are employed Will be 
synthesiZed, Where the repetitive units may have different 
codons for the same amino acid as described above. 

Desirably, feWer than about 75%, usually feWer than about 
60%, frequently feWer than about 25% of the repeats Will 
have the identical nucleic acid sequence. Often, none of the 
repeats Will have the same nucleic acid sequence. Greater 
nucleic acid sequence diversity Will be employed Where the 
initial constructs are eXperimentally shoWn to undergo spon 
taneous recombination events. 

The repetitive proteins can ?nd a variety of uses. The Slp 
proteins may be used in producing ?bers having unique 
properties, as a substitute for silk, and the like. Collagen 
proteins can be produced, Where the collagen is free of the 
telopeptide. Atelopeptidecollagen should have little if any 
immunogenicity, so as to be a useful structural element for 

a variety of prosthetic devices or for use as a collagen 

substitute in other applications. Similarly, other proteins 
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12 
having repetitive sequences, such as keratin, can also be 
prepared in accordance With the subject invention. Other 
useful repetitive proteins can be prepared based on 
sequences of spider silks and other repetitive animal ?bers. 
Arti?cial peptides useful for immuniZation can also be 
prepared based on repeating sequences present in various 
surface antigens of disease-causing microorganisms, such as 
parasites, bacteria, and viruses. Methods have been 
described in the literature to prepare the subject proteins 
having eXtended regions of repetitive units. 

Since the original development of the subject inventions, 
advances in the ?eld of synthesis have alloWed the reliable 
synthesis of longer nucleic acid sequences, Which Were not 
previously available. Therefore, the methods have under 
gone an evolution from using relatively short segments 
Which could be reliably synthesiZed folloWed by concatena 
tion and sequencing for veri?cation of sequence to the 
synthesis of much longer sequences, Where concatenation 
Was no longer required. 

The methods for production of the synthetic genes encod 
ing the subject polypeptides involve preparation of a dsDNA 
“monomer”, Which is an eXtended segment of DNA princi 
pally encoding amino acid repeating units, Where the 
dsDNA monomer is generally a repeating segment of the 
?nal product, Where the ?nal product Will have from 2, 
frequently at least 3, and up to 50, usually not more than 
about 30, more usually not more than about 20, monomeric 
units. There is one eXception, to be described beloW, Where 
the monomer may be the entire ?nal repeating unit gene. The 
monomer Will be a dsDNA Whose sequence is, With one 

eXception, established prior to its multimeriZation to provide 
the gene. 
The siZe of the dsDNA monomer is dependent upon the 

desired amino acid monomer sequence as Well as the Way in 

Which the monomer is obtained. If the monomer is con 

structed using any neWly synthesiZed and ligated DNA, then 
the monomer is alWays sequenced prior to multimeriZation. 
If the gene monomer is constructed solely from digestion 
fragments of previously constructed and sequenced 
monomers, then the ?nal gene monomer is typically char 
acteriZed by restriction digests. Therefore, the gene mono 
mer can be as large as the ?nal gene, depending upon the 

desired amino acid repeating unit sequences and periodicity. 
There are three Ways to obtain the monomer. The ?rst Way 

relies on synthesis and assembly of single stranded deoXy 
nucleotide oligomers into a dsDNA monomer sequence 
encoding from about 1 to 12, more usually 2 to 9, frequently 
2 to 6, repeating amino acid units. Each repeat unit Will have 
about 3 to 20 codons (9 to 60 bases), generally about 3 to 15 
codons, usually about 3 to 12 codons, more usually about 3 
to 9 codons. The number of amino acid repeat units in a 
dsDNA monomer sequence Will depend to a substantial 

degree on the siZe of the repeating unit. Conveniently, 
oligomers may be prepared having from about 15 to 120 
bases, usually about 21 to 90 bases, more usually about 39 
to 72 bases, although oligomers may be prepared With up to 
300 bases, more usually up to about 252 bases. For repeating 
units having a feW amino acids, usually in the range of 3 to 
12 amino acids, more usually in the range of 3 to 9 amino 
acids, the single stranded oligomer Will conveniently have 
from about 2 to 10 repeating units. 
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The number of different single stranded oligomers Will 
usually be at least 2, forming 1 pair, more usually at least 6, 
forming 3 pairs, or may be 8 or more, forming 4 or more 
pairs, Where the protein polymer has the same repeating unit. 
Where block copolymers are prepared, the number of oli 
gomers Will depend on the number of different blocks and 
the siZe of the blocks. Each pair of oligomers are comple 
mentary and at least partially overlap, providing blunt or 
cohesive (protruding) ends, preferably protruding ends, to 
alloW for ease of assembly and ligation of the dsDNA to 
form a “monomer”. By having a multiplicity of dsDNA 
segments, the termini may be designed that the ?rst segment 
has a 3‘ terminus complementary to the 5‘ terminus of a 
second segment, and so on, Where the termini may have 
different consensus sequences for different restriction 

enZymes or not be recogniZed by any knoWn restriction 
enZyme. The dsDNA segments formed by the pairs of 
oligomers of the different ssDNA oligomers may encode the 
same amino acid sequence or a different amino acid 

sequence, but Where more than one dsDNA segment is 
synthesiZed, at least tWo segments Will have different nucle 
otide sequences. By having different termini at each end of 
each dsDNA segment, the individual segments cannot 
oligomeriZe, even if they have been phosphorylated. In this 
Way, When the different segments are combined, the ends of 
the combination of the segments may have complementary 
termini, so that they can be oligomeriZed. 
A ?rst dsDNA segment is desirably cloned in a prokary 

otic vector by lineariZing a vector having an origin of 
replication and convenient restriction sites, Which may 
involve a polylinker, for insertion of the dsDNA segment. 
The vector Will also have a marker gene for selection, Which 
Will usually impart antibiotic resistance, but may afford 
another distinguishing characteristic, e.g. chromophore or 
?uorophore formation. The marker Will preferably provide 
antibiotic resistance, there being a Wide variety of antibiotic 
reagents, e.g. tetracycline, chloramphenicol, actinomycin, 
neomycin, ampicillin, hygromycin, heavy metals, etc. Other 
markers include [3-galactosidase, Which, With the substrate 
X-gal, provides a blue color. Numerous vectors are com 

mercially available for cloning in E. coli and need not be 
exempli?ed here. The vector is then introduced into an 
appropriate cloning host by any convenient means, includ 
ing calcium phosphate precipitated DNA, fusion, 
transfection, conjugation or the like. The cells are then 
groWn in an appropriate selective nutrient medium. Surviv 
ing cells are harvested, lysed and the plasmid isolated. 

After cloning, the ?rst dsDNA segment is characteriZed, 
such as by restriction analysis and sequencing. Where the 
dsDNA segment is relatively small, sequencing can be 
performed rapidly and substantially error free. 

The termini of the dsDNA segments may be selected to 
have protruding 5‘ ends, protruding 3‘ ends, or a protruding 
5‘ and a protruding 3‘ end on the same strand, either the 
coding strand or the non-coding strand. Complementation of 
the protruding ends may destroy the sequence of the restric 
tion site or retain the sequence, When different dsDNA 
segments are ligated. In selecting DNA sequences, one 
selects the terminal sequence to alloW for lineariZation of the 
vector and insertion of the neXt dsDNA segment, Without 
cleavage Within the gene being formed. 
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14 
Once the ?rst dsDNA segment has been shoWn to have the 

correct sequence, the vector may then be used in the neXt 
stage in the preparation of the gene. The vector is lineariZed 
at the 5‘ or 3‘ terminus of the ?rst dsDNA segment cloned. 
By employing a polylinker in the vector at the 5‘ and/or 3‘ 
terminus of the dsDNA segment cloned, the vector may be 
digested by using a restriction enZyme Which cleaves in the 
polylinker to provide a terminus at the 5‘ or 3‘ terminus of 
the vector complementary to the 3‘ or 5‘ terminus of the neXt 
dsDNA segment. Alternatively, one may use restriction 
enZymes Which cleave an asymmetric consensus sequence 
or cleave distal from the consensus sequence. In this Way the 

vector may be repeatedly cleaved and ligated, Without 
cleavage of the gene. After cloning, the combined dsDNA 
segments may be characteriZed as described above. The 
process may be repeated until all of the dsDNA segments 
have been inserted and veri?ed for sequence and being in the 
proper order and reading frame. Alternatively, each dsDNA 
segment comprising the monomer may be individually 
cloned and characteriZed. The individual dsDNA segments 
are then puri?ed and ligated in a single cloning step to 
construct the monomer, Which is sequenced. By appropriate 
choice of the restriction enZymes or polylinker, the termini 
of the monomer may have the same or different terminal 

restriction sites, but Will have complementary ends, if the 
monomer is to be multimeriZed. 

A second approach depends on the synthesis of a single 
strand of the monomer. Synthetic techniques alloW reason 
ably accurate oligonucleotide synthesis of 300 bases or 
more. For the most part the single strand Will be in the range 
of about 100 to 300 bases, usually in the range of about 100 
to 250 bases. The single strand is then used to produce a 
complementary strand, conveniently using the polymerase 
chain reaction (“PCR”) and the resulting dsDNA cloned, 
puri?ed and sequenced to ensure that it has the correct 
sequence. Appropriate primers may be employed, Which 
may serve to eXtend the termini for multimeriZation by 
introducing a neW restriction site consensus sequence, intro 

duce intervening sequences, or the like. The monomer 
prepared this Way Will have the same limitations as to siZe 
and the number of amino acid repeating units Which are 
encoded as the monomer prepared by the sequential or 
simultaneous cloning of dsDNA segments. 

After the monomer has been prepared, characteriZed and 
the desired sequence con?rmed, the monomer may then be 
eXcised from the vector and puri?ed in accordance With 
conventional procedures. At this time the “monomer” syn 
thesis has been completed. The monomer may then be used 
to produce the gene. 
The third approach relies on the use of ?lly characteriZed 

dsDNA Which is already present in a monomer, previously 
prepared by either of the methods described above. Using 
this approach alloWs for great ?exibility in constructing neW 
monomers, particularly Where copolymers comprising dif 
ferent amino acid repeating units are desired. Using the 
appropriate restriction enZymes, all or part of the dsDNA 
comprising a monomer may be puri?ed. Then, the desired 
dsDNA from tWo or more separate monomers may be 

combined to construct a neW monomer encoding the amino 

acid repeating units of interest. The digested monomer DNA 
fragments Which are to be combined may have complemen 



6,018,030 
15 

tary or non-complementary ends. If the termini of the 
monomer sequences are not complementary, as required, the 
termini may be made so by employing adapters, ?lling in, 
nuclease digestion, or the like. Once the appropriate mono 
mer sequences have been cloned together, either sequen 
tially or simultaneously, to make the neW monomer, the 
monomer is then characteriZed and sequenced, if necessary. 
If neWly synthesiZed adapters or ?lling in reactions or 
nuclease digestion or the like are employed, the region 
comprising the modi?ed monomer DNA is sequenced. 
When the protein product is a homooligomer of the 

monomer, desirably the termini have cohesive ends and may 
retain the same restriction site consensus sequence or result 

in a sequence other than the consensus sequence. 

As evidenced by the above description, the “monomer” is 
a molecule having a plurality of dsDNA segments, normally 
having at least tWo different dsDNA segments, Which may or 
may not encode the same amino acid sequence, but generally 
providing for blocks of the same pattern of repeat amino acid 
units throughout the ?nal polymer gene. (The exception is 
Where the monomer is the gene). Thus, the monomer may 
provide for a homopolymer, copolymer, or polymer having 
a de?ned motif, Where the amino acid repeating units vary, 
e.g. collagen. 

The monomer is then multimeriZed by ligation, conve 
niently employing from about 0.01 to 100 pg of the mono 
mer under ligating conditions, Where multimers having 
different numbers of monomers are obtained. The multimers 

may then be segregated by siZe, selecting multimers of a 
predetermined siZe. Any of the original mixture, the partially 
puri?ed mixture, or siZe segregated fractions thereof, may 
then be introduced into a vector. Either an adapter vector or 

an appropriate expression vector is employed. The adapter 
vector has a polylinker Which Will alloW for insertion into 
the polylinker, so as to be capable of being read in any 
reading frame. In this Way one may introduce different 
unique restriction sites Which alloW for excision and transfer 
of the multimer gene from the expression vector. The 
multimer gene may be characteriZed and puri?ed before 
transfer to the expression vector. If the multimer is intro 
duced directly into the expression vector, Where the terminal 
restriction sites are also present internally in the multimer 
gene, usually at the sites of ligation of the monomers, one 
cannot conveniently excise the multimer gene intact. One 
may select a particular siZed multimer or a plurality of 
multimers of different siZe for expression, so that one has a 
family of protein polymers, sharing the same repeating 
motif. 

The expression vector Will be characteriZed by having an 
origin of replication Which is functional in an appropriate 
expression host, usually for episomal maintenance, and a 
marker for selection. Markers as described above may ?nd 

use. For unintegrated vectors or constructs, the origin of 
replication Will usually provide for multicopies, usually 
greater than about 5 copies on the average. The expression 
vector Will also have a promoter Which is functional in the 
expression host. Various promoters can ?nd use, Which 
provide for a high level of transcription, either inducible or 
constitutive transcription. Illustrative promoters include 
[3-lactamase, [3-galactosidase, )LPL or )LPR promoters, trpE 
promoter, trp-lac promoter, T7 promoter (particularly genes 
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9 and 10), c1”, etc. The multimer gene and the lineariZed 
vector may be combined under hybridiZing, usually includ 
ing ligating, conditions. Where the multimer gene does not 
have an initiation codon, such a codon can be added. More 
conveniently, the multimer gene may be inserted into a 
coding sequence present in the vector, under the transcrip 
tional control of a promoter. The coding sequence in the 
vector Will generally not exceed 375 bp, usually not exceed 
ing about 225 bp, Where the site into Which the multimer 
gene is inserted has the coding sequence and multimer gene 
in proper reading frame. Generally, the coding sequence 
present in the vector Will be not more than about 20%, 
usually feWer than about 10%, preferably feWer than about 
8% of the total number of bases in the coding sequence. 
A signal sequence may be present at the 5 ‘ terminus of the 

coding sequence to alloW for secretion of the protein poly 
mer into the periplasmic space. Generally, the product Will 
be produced intracellularly. 

Instead of a vector, DNA constructs may be employed for 
transformation of the expression host, With integration of the 
construct into the genome of the expression host. The 
construct Will differ from the vector primarily by lacking an 
origin of replication Which provides for episomal mainte 
nance. Thus, the construct Will provide at least transcrip 
tional and translational initiation and termination regions, 
the gene encoding the protein polymer betWeen the initiation 
and termination regions and under their regulatory control, 
a marker for selection as described above, and other func 
tional sequences, such as homologous sequences for inte 
gration into the host genome, sequences for priming for the 
polymerase chain reaction, restriction sites, and the like. 

For the most part, the expression host Will normally be 
unicellular, prokaryotic or eukaryotic, but may be from a 
multicellular organism. The organism may be selected from 
bacteria, algae, fungi, insect cells, plant cells, etc. Illustrative 
hosts include E. coli, B. subtilis, B. stearothermophilus, S. 
cerevisiae, and the like. 
The expression host is then groWn in accordance With 

conventional Ways in an appropriate medium in culture, e.g. 
fermentation. After the cells have been groWn to an appro 

priate density, the cells may be harvested, lysed and the 
product isolated by appropriate means, in accordance With 
the physical and chemical characteristics of the product. In 
some instances, the product is insoluble at moderate tem 
peratures in an aqueous medium, and may be puri?ed by 
detergent extraction at mildly elevated temperatures, above 
about 60° C. See US. Pat. No. 5,235,041. As appropriate, 
the crude or puri?ed product may then be used for its 
intended purpose. 
The folloWing examples are offered by Way of illustration 

and not With limitation. 

EXAMPLE 1 

DNA Preparation Methods 
1. Preparation of plasmid DNA from E. coli: 

A. Small scale: Plasmid DNA Was prepared from 1.5 ml 
cultures by either the boiling procedure or the alkaline lysis 
method (Maniatis, T., Fritsch, E. F. and Sambrook, J. 1982. 
Molecular Cloning: A Laboratory Manual. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, 

B. Large scale: A plasmid-carrying strain Was groWn 
overnight in 1 liter of Luria broth With the appropriate 
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antibiotic. The cells Were collected by centrifugation at 
10,000><g for 5 min and resuspended in 10 ml of ice cold TE 
(10 mM Tris-HCl pH 8, 1 mM EDTA). The cells Were 
centrifuged again, resuspended in 4 ml of TES (TE and 25% 
W/v sucrose) and homogenized by vortexing. The samples 
Were kept on ice for the following steps. LysoZyme (1 ml of 
10 mg/ml) Was added to the cell suspension and incubated 
for 5 min before the addition of 2 ml of 0.5M EDTA pH 8. 
After 10 min incubation, 50 ml of proteinase K (40 mg/ml) 
Were added folloWed 10 min later With 15 ml of lysing buffer 
(0.1% TRITON X-100, 1 mM EDTA, 50 mM tris-HCl pH 
8). After 15—20 min, the cell lysate Was centrifuged at 
35,000><g for 90—120 min. The supernatant (19.8 ml) Was 
transferred to a plastic tube With 20 g of CsCl and 400 pl of 
ethidium bromide (10 mg/ml). After dissolution, the mixture 
Was divided into tWo polyallomer ultracentrifuge tubes, 
sealed With heat and centri?ged in a Beckman Ti 65 rotor at 
60,000 rpm for 24 hr. The loWer plasmid DNA band Was 
removed from the tube With a hypodermic needle. The 
ethidium bromide Was extracted three times With an equal 
volume of NaCl-saturated isopropanol. TWo volumes of 
H20 Were added to the DNA solution, and then the DNAWas 
precipitated With ethanol. 
2. Preparation of double-stranded DNA: 

Aculture of JM103 Was groWn to an OD600 of about 0.2 
and then divided into aliquots of 2 ml. Each aliquot Was 
infected With a fresh plaque of M13 and incubated at 37° C. 
for about 6 hr With vigorous shaking. Then the cells Were 
pelleted and the supernatant Was saved for subsequent 
infections. The double-stranded phage DNA Was extracted 

by the boiling method (Maniatis et al.). 
3. DeproteiniZation: 

Phenol extraction Was performed on a convenient volume 

of DNA sample, typically betWeen 100 pl to 10 ml. The 
DNA sample Was diluted in 0.01M Tris-HCl pH 7.5, 1 mM 
EDTA and an equal volume of Water-saturated phenol Was 
added. The sample Was vortexed brie?y and placed on ice 
for 3 min. After centri?gation for 3 min in a microfuge, the 
aqueous layer Was removed to a neW tube and extracted once 

With an equal volume of chloroform:isoamylalcohol (24:1). 
4. Ethanol precipitation: 
DNA in an aqueous buffer Was concentrated by ethanol 

precipitation. To the DNA sample Was added 1/10 volume of 
3M sodium acetate pH 7.5 and 2—3 volumes of cold ethanol. 
The DNA Was precipitated for 30 min at —70° C. or 

overnight at —20° C. and then pelleted by centrifugation in 
the microfuge for 15 min at 4° C. The pellet Was Washed 
once With 200 pl of cold 80% ethanol and pelleted again for 
10 min at 4° C. After air drying or lyophiliZation, the pellets 
Were resuspended in the appropriate buffer. 
5. Phosphatase treatment of DNA: 

A. Phosphatase treatment of DNA Was performed by 
adding 1 pl (25 units) of calf intestinal phosphatase 
(Boehringer Mannheim) directly to the restriction enZyme 
digestion reaction and continuing the incubation for 30 min 
at 37° C. The phosphatase Was inactivated for 60 min at 65° 
C. prior to deproteiniZation by phenol extraction. 

B. Phosphatase treatment of DNA Was also performed by 
resuspending ethanol precipitated DNA from the restriction 
enZyme digest in 20 mM Tris-HCl pH 8.0, 10 mM MgCl2 to 
a ?nal DNA concentration of 20 pig/ml. Shrimp alkaline 
phosphatase (SAP) Was added at 2 U/pg of DNA and the 
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mixture Was incubated at 37° C. for one hour, heat inacti 
vated for 20 min at 65° C. and then passed through a 
PROBIND ?lter (Millipore) and subsequently a BIO-SPIN 
column. The DNA Was then ethanol precipitated and resus 
pended in suitable buffer. 
6. Phosphorylation of DNA: 

Phosphorylation before annealing Was performed by 
using Polynucleotide Kinase 3‘-phosphatase-free 
(Boerhinger Mannheim). The reaction Was carried out at 37° 
C. for 30 min in a 50 pl reaction volume containing: 12.5 pg 
DNA, 5 pl 10>< kinase buffer (0.5M Tris pH 7.5, 10 mM 
Spermidine, 0.1M MgCl2, 150 mM DTT, 1 mM EDTA), and 
2 pl Polynucleotide Kinase (10 U/pl). After phosphorylation, 
salts and glycerol Were removed from the DNA strands 
using a BIO-SPIN 6 column (BioRad) equilibriated in 
TEAB. 
7. Fill-in reaction With DNA polymerase I: 
DNA Was resuspended in buffer containing 50 mM Tris 

HCl pH 7.4, 50 mM KCl, 5 mM MgCl2, and 400 pM each 
of the four deoxynucleotide triphosphates. Ten units of 
KlenoW DNA polymerase (BRL) Were added, and the reac 
tion Was alloWed to proceed for 15 min at room temperature. 
The DNA Was then phenol extracted and ethanol precipi 
tated. 
8. T4 polynucleotide kinase reaction: 
The reaction (10 pl) contained: T4 polynucleotide kinase 

(BRL), 150 ng of DNA, 1 pl of 10x kinase buffer (0.7M 
Tris-HCl pH 7.6, 0.1M MgCl2, 50 mM DTT) and [32P]-ATP 
(200—300 nCi). This Was incubated at 37° C. for 30 min and 
then the DNA Was puri?ed using a NACS column (Bethesda 
Research Labs). 
9. Digestion With restriction endonucleases: 
DNA Was digested With restriction endonucleases (REN) 

in 1x “AA” buffer [10x AA buffer is 330 mM Tris-acetate, 
pH 7.9, 660 mM potassium acetate, 100 mM magnesium 
acetate, 50 mM dithiothreitol (DTT) and 1 mg/ml bovine 
serum albumin nuclease free)]. Whenever possible, the 
concentration of DNAWas kept beloW 1 pig/25 pl. Incubation 
Was at 37° C. for 1—4 hrs for most restriction endonucleases 

except for Ball, Banl and NaeI digestions Which Were 
incubated overnight. 
10. Analytical agarose gel electrophoresis of DNA: 
To DNA samples for gel analysis We added 0.2 volumes 

of loading buffer (5>< electrophoresis buffer, 0.01% bro 
mphenol blue dye, 50 mM EDTA, and 50% glycerol). Then 
the samples Were loaded into lanes of a horiZontal sub 

merged electrophoresis unit containing a 1.0% (W/v) agarose 
gel. The electrophoresis buffer Was either 1>< TAC or 1/2>< 
TBE. The 1>< TAC is 40 mM Tris-base, 10 mM EDTA, 
adjusted to pH 7.8 With acetic acid. The 1/2>< TBE is 0.045M 
Tris-base, 0.045M boric acid, 1 mM EDTA, pH 8. The gel 
Was run at 40—50 V for 18 hr, then removed and stained With 
0.5 pig/ml ethidium bromide for 30 min. The DNA bands 
Were visualiZed on a long Wavelength UV transilluminator. 

11. Preparative agarose gel electrophoresis: 
The procedures and materials are the same as for the 

analytical agarose gel electrophoresis. The only difference is 
the use of loW melting point (LMP) agarose, ranging in 
concentration from 0.5 to 2.5% (W/v) depending on the siZe 
of the DNA fragment to be puri?ed. DNA restriction frag 
ments Were excised from the LMP agarose gels after visu 
aliZation With ethidium bromide. For agarose ligation, the 
buffer used Was 1>< TAE (50 mM Tris-acetate, pH 7.8). 






































































































































































